Summary.-Normal and tumour tissues from rats, blood from normal and tumour bearing rats, and normal human blood were examined using the electron paramagnetic resonance (epr) technique. At low temperature a triplet epr signal, which is known to be produced by a NO -haemoprotein complex, was detected in some tumour samples and in decaying normal liver. At room temperature all of the tumour samples examined gave a doublet signal. This signal was also detected in blood but not in other normal tissues. The signal has a g value of 2.0054 + 0-0002 and a hyperfine splitting of 1-80 + 0.05 G and is assigned to the ascorbyl free radical. Model experiments suggest that the appearance of detectable concentrations of this radical result from a disturbance of the normal state of the ascorbic acid, dehydroascorbic acid redox system. It was verified that cell division is not responsible for the ascorbyl radical although autolysis may be involved. A possible relationship between the formation of ascorbyl radicals and other paramagnetic species in tumours is discussed.
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THE epr technique has been used to study the differences between normal and malignant tissues using lyophilized (Commoner, Townsend and Pake, 1954; Saprin et al., 1966a, b, c; Driscol et al., 1967; Mulay and Mulay, 1967; Wallace et al., 1970) , frozen (Nebert and Mason, 1963; Hodgkinson and Cole, 1965; Slater and Cook, 1969) and wet samples (Mallard and Kent, 1966; Swartz, Lewis and Darin, 1971; Swartz, 1972; Duchesne and Van de Vorst, 1970) . However, these differences are difficult to interpret, due primarily to a lack of identifiable paramagnetic species. There are 3 notable exceptions to this. The first is a signal with a g value of 2-035 observed in the liver of rats fed with several different carcinogens (Vithayathil, Ternberg and Commoner, 1965) . The second is a signal showing a nitrogen triplet hyperfine splitting and seen in frozen samples of a virus-induced reticulum cell sarcoma of the spleen and a neuroblastoma of mice (Brennan, Cole and Singley, 1966) , in a hepatoma, sarcoma and Walker carcinoma (Emanuel et al., 1969) and in a human bladder tumour sample (Matsunaga, 1969) . The third is a narrow doublet signal reported in low speed cleared sucrose homogenates ofmouse melanomata examined at room temperature (Duke, Hourani and Demopoulos, 1967; Duke, 1968 This decay is about 5 times faster than that reported for the free radical population in normal rat liver (Duchesne and Van de Vorst, 1970) . The doublet signal was not detected in freshly excised samples of liver, heart, spleen, lung, kidney, adrenal, testis or thymus, but was detected in heparinized fresh whole blood from normal and tumour bearing animals as well as in normal human blood. It is therefore not unique to tumours, but is indicative of differences between normal and malignant tissue within, for example, liver. The signal in blood corresponded to a concentration of about 5 x 1013 radicals g-1. This is very close to the value of 0.1 x 10-9 mol g-1, i.e., 6 x 1013 radicals g-1, reported previously (Mallard and Kent, 1966) although in that case no hyperfine structure was observed. The contribution made by blood to the signal in tissue is negligible, as demonstrated by the absence of a detectable signal in either blood filled or exsanguinated normal liver. The doublet from blood was localized in the plasma or serum, which gave a signal 5-10 times greater than whole blood. It was undetectable in the cell fraction and on recombining plasma and cells the signal was reduced to the level originally observed in whole blood.
Nature of the radical.-The spectral parameters of the doublet are similar to those of the signal observed in mouse melanoma homogenate (Duke et al., 1967; Duke, 1968) and suggest the presence of the ascorbyl radical (Fig. 2) . This is the reactive intermediate in the ascorbic acid, dehydroascorbic acid redox system. The
Ascorbic acid assignment is made for the following reasons: (a) The ascorbyl radical, which has recently been shown to exist as the anion with the unpaired electron delocalized over a highly conjugated tricarbonyl system (Laroff, Fessenden and Schuler, 1972) , gives a spectrum with a g value of 2-0052, consisting of a doublet of triplets (Lagercrantz, 1964) with splittings of 1-76 G and 0-19 G and an additional doublet splitting of 0 07 G (Laroff et al., 1972) . Although it has not been possible to demonstrate any structure in the doublet from tumour tissue, the line width observed does not rule out unresolved fine structure. (b) A solution of ascorbic acid in distilled water gave a signal, showing only the doublet splitting, that was identical to the signals of biological origin. (c) Addition of ascorbic acid to plasma increased the magnitude of the signal without producing any detectable increase in line width. It is therefore believed that the doublet signal detected in tumour tissue and blood is due to the ascorbyl radical, and is referred to as such from now on. A possible chemical model.-The ascorbyl radical can be formed by oxidation of ascorbic acid or reduction of dehydroascorbic acid. The following experiment suggests that it is formed, in tumours, by oxidation. When a slow stream of moist 02 was passed over the tumour slice in the epr cavity the radical concentration increased relative to that in air, whereas flowing N2 over the slice decreased the radical concentration. These changes, which are comparable with those reported for mouse melanoma homogenates (Duke Liver slices, which contain a similar concentration of ascorbic acid to the hepatoma or other tumours (Robertson, 1943) , failed to show the presence of ascorbyl radicals on storage in air at room temperature or when exposed to a stream of 02 for several hours. Similarly adrenals, which have one of the highest ascorbic acid levels of any tissue, did not show the ascorbyl doublet signal when examined shortly after excision or after storage for several hours on ice. This suggests intracellular control of the oxidation of ascorbic acid.
A possible control mechanism.-Glutathione reduces dehydroascorbic acid to ascorbic acid at a pH above 6 (Edgar, 1969 (Edgar, , 1970 and may influence the state of the redox system in vivo. When tumour slices were soaked for several minutes in saline containing glutathione the ascorbyl radical concentration was reduced, whereas soaking in saline alone had little effect. Addition of glutathione to plasma reduced the ascorbv-l radical concentration and the presence of glutathione in erythrocytes may explain the markedly higher concentration of radicals detected in plasma than in whole blood.
Possible biological models.-Since liver tumours undergo more rapid.cell division than normal liver, it was decided to examine foetal and regenerating liver for the appearance of ascorbyl radicals.
Foetal rat liver failed to show the presence of ascorbyl radicals. Liver from normal adult rats was examined following partial hepatectomy. Samples were taken 24 hours after the operation, when DNA synthesis is near maximal in this laboratory strain (O'Connor, 1971) , and one week later when new tissue was present. In neither case were ascorbyl radicals detected. It is concluded that the appearance of the radicals in tumour tissue is not due simply to processes associated with cell division.
Tumours outgrowing their blood supply show necrotic foci (van den Brenk, 1969) , as do autolysing adrenals. Therefore, rat liver was examined after poisoning and after autolysis. Rats were given an oral dose of 25% CC14 in liquid paraffin (1 ml CCl4/kg body weight) which was sufficient to produce necrosis within 24 hours (Wigglesworth, 1964) . Necrosis was confirmed histologically, but the liver did not show the ascorbyl doublet signal. Liver which was kept at room temperature for 2 days also failed to show the presence of ascorbyl radicals. However, when adrenal slices were kept in the epr cell, ascorbvl radicals were detected after about 60 miin at room temperature and 4 hours at O0C. In contrast, when they were sliced and placed in the cell under N2, ascorbyl radicals were undetectable even after 4 hours at room temperature, although on admission of air or 02 to the cell the ascorbyl radical signal appeared within 20 min. Experiments demonstrated that the appearance of detectable concentrations of ascorbyl radicals in adrenal slices was a result of both autolysis and autoxidation. In liver slices the release of ascorbic acid by autolysis may be insufficient to give a detectable number of ascorbyl radicals on autoxidation. The results suggest that the appearance of relatively high concentrations of ascorbvl radicals in tumour tissues may result from autolytic changes occurring tn vivo.
Relationship of the doublet signal to other epr signals in tissues. Samples of a Yoshida sarcoma, showing the ascorbyl radical signal at room temperature, showed in addition a 1: 1: 1 triplet signal, with a g value of 2-01 and hyperfine splitting of 16-17 G, when examined at -160°C. This signal is from a NO-haemoprotein complex (Maruyama et al., 1971) . Several samples from different areas of a Walker tumour all showed the ascorbyl radical signal but only those from the dark red, blood filled areas showed the NO-haemoprotein complex signal. Since degenerating normal tissue also shows this signal (Muruyama et al., 1971 ) rat liver waas examined after storage for 2 days at room temperature. The NO-haemoprotein complex was detected but not the ascorbyl radical. In contrast, the singlet at g-2.035, from NO-Fe2+ complexes of thiol containing non-haeme proteins, which has been reported in the livers of carcinogen fed rats before the appearance of tumours Vithayathil et al., 1965; Woolum and Commoner, 1970) , was not detected in any of the tissues examined.
Paramagnetic NO-protein complexes and ascorbyl radicals are not always observed in the same tissue, but their formation in vitro is linked. Ascorbic acid promotes the formation of NO-protein complexes by reaction with nitrites to form NO and ascorbyl radicals (Woolum, Tiezzi and Commoner, 1968; Maruyama et al., 1971) . Ascorbic acid also blocks the formation of carcinogenic nitroso-compounds by scavenging nitrites in vitro (Mirvish et al., 1972) and possibly in vivo (Kamm et al., 1973) . The formation of ascorbyl radicals in tumour tissue may result from reactions of ascorbic acid, some of which give NO, which in turn may be responsible for formation of the paramagnetic NO-complexes observed.
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